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(57)Abstract 

PURPOSE: To realize the high integration of a semiconductor memory device and to 
miniaturize the system to which the semiconductor memory device is applied by making 
an electrode containing metal titanium into a semiconductor substrate and forming an 
insulating film in the surface of the electrode with plasma oxidation applied to the 
electrode. 

CONSTITUTION: A thermal oxide film 2 is formed on a semiconductor substrate 1 at 
first Next a metal titanium thin film 3 is formed for a lower electrode by a sputtering 
method. Further, an insulating film 4 is formed with the surface of the metal titanium 
thin film 3 oxidized by a plasma oxidation method. Finally, a metal thin film is formed for 
an upper electrode 5 by an evaporation method and a capacitor is completed. Thus, 
since metal titanium is oxidized by oxygen plasma which is high density and high 
reactive, an insulating film containing oxide titanium of high dielectric constant can be 
made at a low temperature as compared with the other oxidation method such as 
thermal oxidation method. Thereby, the fining of of a capacitor can be performed with 
sufficient capacity being secured for a-ray resistance. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** S ] 10WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor memory equipment which is the manufacture 

method of semiconductor memory equipment and is characterized by having the process which forms 

the electrode containing titanium metal in a semiconductor substrate, the process which forms an 

insulator layer on the surface of an electrode by carrying out plasma oxidation of this electrode, and the 

process which forms other electrodes in the front face of this insulator layer. 

[Claim 2] The manufacture method of the semiconductor memory equipment characterized by 

performing plasma oxidation at 280-degree-C or more temperature of 500 degrees C or less in the 

manufacture method of semiconductor memory equipment according to claim 1. 

[Claim 3] The manufacture method of semiconductor memory equipment that the electrode containing 

titanium metal is characterized by being the laminating electrode of titanium metal and noble metals in 

the manufacture method of semiconductor memory equipment according to claim 1 or 2. 

[Claim 4] The manufacture method of the semiconductor memory equipment characterized by the 

thickness of titanium metal being the size of the half of the thickness of an insulator layer in the 

manufacture method of semiconductor memory equipment given in any 1 term of a claim 1 or a claim 3. 

[Claim 5] Semiconductor memory equipment which is semiconductor memory equipment which has a 
capacitor and is characterized by having a semiconductor substrate, one [ containing titanium metal ] 
electrode of a capacitor prepared in this semiconductor substrate, the insulator layer containing the 
titanium oxide which has the crystal of rutile structure of a capacitor, and the electrode of another side of 
a capacitor established in the front face of this insulator layer. 

[Claim 6] Semiconductor memory equipment characterized by having the electrode of another side of a 
capacitor which is semiconductor memory equipment which has a capacitor, and establishes in the front 
face of a semiconductor substrate, one electrode of the capacitor containing titanium metal prepared in 
this semiconductor substrate, and the electrode of one of these, and is established in the insulator layer 
of a capacitor in which X diffraction intensity has a diffraction peak in the angle of diffraction of the 
range of 27.55 degrees or 27.75 degrees, and the front face of this insulator layer. 
[Claim 7] Semiconductor memory equipment which is semiconductor memory equipment which has a 
capacitor and is characterized by having a semiconductor substrate, one electrode of the capacitor 
containing titanium metal prepared in this semiconductor substrate, the insulator layer of a capacitor 
which has 100 or more specific inductive capacity, including titanium oxide, and the electrode of 
another side of a capacitor established in the front face of this insulator layer. 

[Claim 8] Semiconductor memory card characterized by having semiconductor memory equipment of a 
publication in any 1 term of a claim 5 or a claim 7. 

[Claim 9] RAM disk equipment characterized by having semiconductor memory equipment of a 
publication in any 1 term of a claim 5 or a claim 7. 

[Claim 10] The microprocessor characterized by having semiconductor memory equipment of a 
publication in any 1 term of a claim 5 or a claim 7. 
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[Claim 1 1] Semiconductor memory equipment given in any 1 term of a claim 5 or a claim 7, 
semiconductor memory card according to claim 8, RAM disk equipment according to claim 9, and the 
computer characterized by having either of the microprocessors according to claim 10. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the semiconductor memory 
equipment which applied the high dielectric constant insulator, semiconductor memory equipment, and 
its application system. 
[0002] 

[Description of the Prior Art] For the miniaturization of a computer, or improvement in the speed, high 
integration of the dynamic RAM (it outlines Following DRAM) which is the storage element is 
progressing. The fundamental circuit of the DRAM memory cell section used now consists of an MOS 
transistor and a capacitor. This circuit memorizes 1-bit data with the amount of the charge accumulated 
at the capacitor. This capacitor must accumulate the charge of 100 or more fCs, in order to prevent the 
error (soft error) by the charge made by alpha rays. It follows, for example, a circuit is **1.5V. In 
operating on voltage, 60 or more fFs of electrostatic capacity of a capacitor are needed. 
[0003] It is necessary to make size of the capacitor of a memory cell detailed, securing the electrostatic 
capacity of the above capacitors, in order to integrate DRAM highly. 

[0004] as the conventional technology which makes this possible the collection of octavus time 
ferroelectric application meeting drafts - as indicated to pp.3-29, there is a method using the matter with 
big specific inductive capacity (epsilonr) as an insulator layer of a capacitor As matter with big specific 
inductive capacity, there are SrTi03 (epsilonr* *200-3 00) and PbZrl-xTix03 (epsilonr** 1000). These 
matter has about 50 to 250 times [ of the diacid-ized silicon (epsilonr* *4) usually used as an insulator 
layer ] big specific inductive capacity. 
[0005] 

[Problem(s) to be Solved by the Invention] In order to improve the crystallinity and to obtain a high 
dielectric constant equivalent to the bulk material of these matter, under oxygen atmosphere, the thin 
film of above SrTi03 and PbZrl-xTix03 needs to make substrate temperature the elevated temperature 
of 500 degrees C or more, and needs to produce it. At this time, the front face of the aluminum (it is 
described as Following aluminum) which is the lower electrode of a capacitor, or polycrystal silicon 
oxidizes, and an aluminum oxide (it is described as the following aluminum 203) and 2 silicon oxides 
(it is described as the following Si02) are formed, aluminum 203 and the specific inductive capacity of 
Si02 are about 9 and about 4 in each. That is, the specific inductive capacity of these oxides is SrTi03. 
PbZrl-xTix03 It is quite small. Consequently, since the insulator layer of a capacitor becomes the thing 
of a high dielectric constant film and a low dielectric constant film which carried out the series 
connection, the electrostatic capacity of a capacitor falls. 

[0006] As a method of preventing oxidization of such an electrode, there is a method using a noble- 
metals electrode like platinum. However, in the oxide insulator layer of plural systems, such as SrTi03 
and PbZrl-xTix03, there is a problem that the low dielectric constant phase by composition gap 
generates. For example, when producing PbZrl-xTix03 film by the sputtering method or the CVD 
(chemical vapor growth) method, since it is easy to diffuse Pb in an insulator layer in Pt electrode, Pb 
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runs short in an insulator layer. For this reason, Zr02 deposits. The dielectric, constant of Zr02 is ten or 
less, and is PbZrl-xTix03. It is smaller than a dielectric constant. Furthermore, when Si of a substrate 
diffuses the inside of an electrode and arrives at an electrode front face, it is Si02 here. It forms. 
Therefore, even if it uses a noble-metals electrode, the electrostatic capacity of a capacitor falls. 
[0007] this invention solves the above-mentioned trouble and aims at integrating semiconductor 
memory equipment highly. 

[0008] Furthermore, this invention aims at miniaturizing the system adapting semiconductor memory 

equipment, and accelerating. 

[0009] 

[Means for Solving the Problem] The 1st feature of this invention for attaining the above-mentioned 
purpose is in the manufacture method of semiconductor memory equipment of having each following 
process. 

[0010] (b) The process which serves as an electrode of a capacitor at a semiconductor substrate and 
which forms the electrode containing titanium metal. 

[001 1] (b) The process which carries out plasma oxidation of the electrode which is a process (b) and 
was formed, and forms the insulator layer of a capacitor on the surface of an electrode. 
[0012] (c) The process which forms other electrodes of a capacitor in the front face of the insulator layer 
which is a process (c) and was formed. 

[0013] The 2nd feature of this invention is in the semiconductor memory equipment which prepares the 
insulator layer containing the titanium oxide which prepares the electrode which contains titanium metal 
as one electrode of a capacitor, and has the crystal of rutile structure as an insulator layer of a capacitor 
in a semiconductor substrate. 

[0014] The 3rd feature of this invention is in the application system which has semiconductor memory 

equipment of this invention. 

[0015] 

[Function] According to the 1st feature of this invention, since titanium metal is oxidized by strong 
high-density and reactant oxygen plasma, the insulator layer which contains the titanium oxide (it is 
described as the following Ti02) of a high dielectric constant at low temperature compared with other 
oxidization methods, such as the oxidizing [ thermally ] method, is producible. Therefore, compared 
with other oxidization methods, such as the oxidizing [ thermally ] method, diffusion of Si from 
oxidization and the semiconductor substrate of a lower electrode etc. cannot take place easily. Moreover, 
Ti02 Chemically, since it is thermodynamically stable, it is hard to deteriorate under the influence of the 
process after insulator layer formation. Furthermore, Ti02 Since it has the simple chemical composition 
of a system of 2 yuan, it is hard to produce a composition gap. For this reason, the insulator layer of a 
high dielectric constant which contains neither a low dielectric constant film nor a low dielectric 
constant phase can be obtained. Since detailed-ization of a capacitor is attained while this secures 
electrostatic capacity sufficient for alpha rays-proof, semiconductor memory equipment can be 
integrated highly. Moreover, Ti02 which has the crystal of rutile structure according to the 2nd feature 
of this invention It has a high dielectric constant and is the matter which a composition gap cannot 
produce easily further. Therefore, since-izing of the capacitor can be carried out [ detailed ], high 
integration of semiconductor memory equipment is attained. Moreover, since it is thermodynamically 
[ chemically / a book Ti02 / and ] stable, the defect of an insulator layer cannot occur easily. Therefore, 
the mass semiconductor memory equipment integrated highly can be obtained by the high yield. 
[0016] Furthermore, according to the 3rd feature of this invention, with the mass semiconductor memory 
equipment integrated highly by this invention, cheap mass storage can be constituted and the 
miniaturization of systems, such as memory card, a microprocessor, and a computer, is attained. 
[0017] 

[Example] Hereafter, the example of this invention is explained in detail using a drawing. 
[0018] (Example 1) Drawing 1 shows the manufacture method of the semiconductor memory equipment 
which is the example of this invention. However, this view shows the manufacture method of the 
capacitor section. 
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a) Form the thermal oxidation film 2 of about lOOnm of thickness on the Si substrate 1 first. 

b) Next, form the titanium metal (Ti) thin film 3 with a thickness of about 500nm by the sputtering 
method as a lower electrode. 

c) Further, the front face of the metal Ti thin film 3 is oxidized by the plasma oxidation method, and it is 
Ti02 of about lOOnm of thickness. An insulator layer 4 is formed. 

d) Finally, a golden (Au) thin film is formed in the thickness of about 50nm by the vacuum deposition as 
an up electrode 5, and a capacitor is completed. In the case of formation of Ti thin film by the sputtering 
method, membranes are formed by making an argon into spatter gas on conditions with a spatter gas 
pressure [ of lPa ], and a substrate temperature of 300 degrees C, using Metal Ti as a target. It is also 
possible to use a chemical vapor-growth (CVD) method besides the sputtering method for production of 
Ti thin film. In this case, Ti thin film is formed by understanding a titanium tetrachloride (TiC14) by 
plasma in hydrogen (H2) atmosphere. 

[0019] Drawing 2 shows the efficient consumer response (electron cyclotron resonance) plasma 
treatment equipment used for the plasma oxidation of Ti thin film. The Si substrate 100 is set to the 
substrate susceptor 102 which built in the substrate heater. A microwave waveguide 108 is connected to 
a vacuum housing 101 through the microwave introduction aperture 106 made from a quartz. And it lets 
this waveguide pass and is 2.45GHz from a microwave generator (not shown). Microwave electric field 
are introduced in a vacuum housing 101. Moreover, a vacuum housing 101 connects with the substrate 
carrying-in load lock chamber 104 through a gate valve 109. And Si substrate is carried in in a vacuum 
housing 101 from here. For plasma oxidation, oxygen gas is introduced to a vacuum housing 101 
through the reactant gas inlet 105. The magnetic field coil 103 is installed in the circumference of a 
vacuum housing 101. Each magnetic field coil is controlled and it is made for the direction of line of 
magnetic force to become a substrate and a perpendicular on the Si substrate 100. 
[0020] the time of oxidizing Ti thin film using this efficient consumer response plasma treatment 
equipment - a vacuum housing 101 lxlO-6Torr the oxygen gas of the flow rate of 100 ml/min after 
exhausting to a grade - the inside of a vacuum housing 101 -- introducing — a pressure 0.1 Pa ** it 
carries out If microwave is introduced in a vacuum housing 101 here, a electron cyclotron resonance 
will occur by the electric field of microwave, and the magnetic field (875 gausses) generated with the 
magnetic field coil. Thereby, the oxygen gas in a vacuum housing will be in the plasma state. Ti thin 
film is oxidized by the oxygen and the oxygen ion of such an excitation state. Therefore, since the 
reaction of Ti and oxygen occurs strongly compared with the usual thermal oxidation, the substrate 
temperature in the case of oxidization can be reduced. 

[0021] Drawing 3 is Ti02 when setting to 600W power of microwave which this invention person 
examined. A membranous X diffraction pattern is shown. At the substrate temperature of 180 degrees C, 
a diffraction peak is only the thing of Ti which is a lower electrode. Therefore, at this substrate 
temperature, the structure of Ti02 film is amorphous. If substrate temperature is made high to 280 
degrees C, the diffraction peak from the field (1 10) of Ti02 which has rutile structure at X diffraction 
angle 2theta=27.6 degree will appear. Namely, Ti02 of rutile structure The crystal is growing. If 
substrate temperature is made still higher, the strong diffraction peak from Ti02 (110) field of rutile 
structure will appear in the range of X diffraction angle 2theta=F27.55-27.75 degree. And if it becomes an 
elevated temperature, the diffraction intensity will become large. This is Ti02 when substrate 
temperature is made high. It is shown that crystallinity improves. 

[0022] Drawing 4 is the substrate temperature when setting power of microwave to 600W which this 
invention person examined, and Ti02. The relation of membranous specific inductive capacity is shown. 
As shown in drawing 3 , it is Ti02 of rutile structure at the substrate temperature of 280 degrees C. 
Corresponding to a diffraction peak appearing, specific inductive capacity increases suddenly. And 100 
is exceeded at the substrate temperature of 400 degrees C or more. However, above 500 degrees C, 
specific inductive capacity shows saturation or a downward tendency. About crystallinity, as drawing 3 
shows, the one where substrate temperature is higher is good. However, when Ti lower electrode is 
directly formed on Si substrate, it is about 500 degrees C or more, and Si and Ti react and titanium 
silicide (TiSi) generates. Thus, if a lower electrode serves as TiSi, Si02 will be formed between Ti02 
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insulator layers, and electrostatic capacity will fall. 

[0023] As mentioned above, the rutile structure Ti02 of a high dielectric constant can be produced by 
carrying out and carrying out plasma oxidation of the substrate temperature to the range of 280-500 
degrees C, without causing the fall of the electrostatic capacity by silicide. 
[0024] Drawing 5 is related **** of the oxidization thickness of Ti, and substrate temperature. An 
oxidation rate becomes quick, when oxidization temperature is made high, as shown in this view. 
Therefore, control of thickness becomes difficult, so that it becomes an elevated temperature. Then, Pt 
which cannot oxidize easily is used as a lower electrode. By oxidizing the Ti/Pt cascade screen in which 
Ti was formed on Pt, upper Ti oxidizes completely and is Ti02. Although it becomes, lower Pt remains 
as an electrode, without oxidizing. Even if it makes an oxidation rate quick, the lower electrode of a 
capacitor is lost and it becomes impossible therefore, to take an ohmic contact with other elements. 
Thereby, the yield fall by the defect of an electrode can be prevented. In addition, noble metals, such as 
not only Pt but Au, Pt, Pd, Ir, Re, etc., can be used as an electrode. 

[0025] Drawing 6 shows the relation between Ti thickness in front of plasma oxidation, and Ti02 
thickness formed by plasma oxidation. Ti02 generated by plasma oxidation by the thickness of Ti 
formed first since thickness increases twice [ about ] by oxidization Thickness is controllable. That is, 
(A) lower electrode can be made into the cascade screen of Ti and Pt, thickness of this Ti can be made 
into the thickness of the half of predetermined insulator layer thickness, and precision of the thickness of 
an insulator layer can be made high by the method of oxidizing all (B) Ti. 

[0026] In addition, ablation of a film may arise after plasma oxidation. This is for distortion to occur in 
the cubical expansion by oxidization. This can be prevented by the method of dividing Ti metal 
membrane into a detailed pattern before oxidizing. Thereby, it is a metal Ti film and Ti02. Since a touch 
area becomes small, oxidization stress eases and it stops exfoliating. 

[0027] (Example 2) Drawing 7 is Ti02 to the insulator layer of a capacitor. The cross section of DRAM 
which applied the film is shown, n type dope layer from which 201 constitutes a p type Si substrate and 
202 constitutes the source of an MOS transistor in this drawing, n type dope layer from which another 
side 203 constitutes a drain, and 204 - a gate electrode and 206 for a plate electrode and 209, as for a 
gate insulator layer and 21 1, Si oxide film and 210 are [ an accumulation node electrode and 207 / the 
insulator layer of a capacitor, and 208 / a layer insulation film and 205 ] bit lines After the manufacture 
method of this DRAM first forms the source 202 which constitutes an MOS transistor and a drain 203, 
the gate insulator layer 210, the gate electrode 204, and the Si oxide film 209 on a substrate, it forms a 
Ti/Pt cascade screen by the spatter or CVD, and carries out patterning to the upper surface of the Si 
oxide film 209 after that. In this cascade screen, Pt contacts n type dope layer of the source 202. Here, 
noble metals, such as Au, Pt, Pd, Ir, and Re, can be used as an electrode instead of Pt like a last example. 
Thus, Ti02 which serves as the insulator layer 207 of a capacitor by plasma oxidation like a last 
example after forming a laminating electrode An insulator layer is formed. Furthermore, a DRAM cell 
will be completed, if Pt is formed by the sputtering method and the layer insulation film 211 and a bit 
line 205 are formed as a plate electrode 208. 

[0028] In this example, it is Ti02 in which the insulator layer of a capacitor includes the crystal of rutile 
structure. Thereby,-izing of the size of a capacitor can be carried out [ detailed ], securing sufficient 
electrostatic capacity for alpha rays-proof, since this insulator layer has a high dielectric constant. And 
since it is chemically [ thermodynamically / this insulator layer / and ] stable, in this insulator layer, it is 
hard to generate a defect. Therefore, according to this example, DRAM of high accumulation and the 
high yield is realizable. 

[0029] Drawing 8 is the block diagram of DRAM of this invention. A memory cell consists of one MOS 
transistor 1101 and a capacitor 1 102. And this memory cell memorizes 1-bit data with the amount of the 
charge which a capacitor 1 102 accumulates. 

[0030] The gate electrode of an MOS transistor is connected to a word line 1 103, and a word line is 
further connected to the decoder driver of a circumference circuit. Moreover, the drain electrode of an 
MOS transistor is connected to a bit line 1 104, and this bit line is further connected to circumference 
circuits, such as a sense amplifier 1 105, the readout circuit 1 106, and the write-in circuit 1 107. 
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Moreover, it connects with one electrode of a capacitor and the source electrode of an MOS transistor 
connects the electrode of another side of a capacitor to a plate line common to each bit. 
[0031] In the conventional DRAM cell, it is Si02 to the insulator layer of a capacitor. It uses. However, 
Si02 If cell area is reduced since the dielectric constant is as small as 4, and it is high integration, it is 
difficult to secure sufficient capacity. On the other hand, Ti02 of the high dielectric constant in the 
DRAM cell of this invention Capacity sufficient by using for an insulator layer can be obtained. 
Therefore, mass DRAM with a high degree of integration can be constituted. 

[0032] (Example 3) Drawing 9 shows the block diagram of a computer system using the DRAM cell of 

this invention in the DRAM cell of this invention in a logical element (microprocessor), a memory 

device (DRAM), a RAM disk substrate, and semiconductor memory card. 

[0033] Since the DRAM cells of this invention are small and large capacity, the whole system 

miniaturizes them. Furthermore, since mass information can be written at high speed, the throughput as 

the whole system improves. 

[0034] 

[Effect of the Invention] According to this invention, a capacitor with big electrostatic capacity is easily 
producible. If the capacitor of this invention is applied to DRAM, DRAM of high accumulation large 
capacity is realizable. 



[Translation done.] 
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